SUMMARY An unusual combination of disconnective syndromes is reported: transcortical motor aphasia, left arm apraxia and optic ataxia. Neuropathological examination showed a left parieto-occipital and a subcortical frontal infarct and a lesion of the dorsal part of the posterior two-fifths of the callosum. The frontal lesion caused the transcortical motor aphasia and produced the left arm apraxia. Visuomotor incoordination in the right hemispace was due to the left parieto-occipital infarct, while the crossed optic ataxia in the left hemispace was attributed to the callosal lesion. It is proposed that the pathway that serves crossed visual reaching passes through the dorsal part of the posterior callosum. This case reinforces the growing evidence that fibres in the corpus callosum are arranged in ventro-dorsal functional lamination. Recondo and Dumas', induces a crossed optic ataxia, that is, inability to reach in one hemifield with the hand of the opposite side) is, according to most animal studies, via the callosum.5-9 Further, it appears that adequate interhemispheric transmission for the visual control of the ipsilateral hand and fingers is effected by the splenium.'0 Evidence from clinical studies is scanty because the majority of cases of optic ataxia which underwent anatomical study had bilateral optic ataxia and bilateral parieto-occipital lesions.' Stenvers" stated that for crossed visuomotor reaching, visual information could travel from the occipital to the ipsilateral frontal lobe and then to the contralateral one, crossing the anterior callosum (case 34) or be transferred from one occipital lobe to the opposite, via the posterior callosum, and then, ipsilaterally, to the frontal lobe. Indeed, crossed visuomotor ataxia in Boller S12 case is explained by lesions severing both pathways. In the present clinico-pathological study we propose that the pathway that serves crossed visuomotor control travels through the dorsal part of the posterior callosum.
Recondo and Dumas', induces a crossed optic ataxia, that is, inability to reach in one hemifield with the hand of the opposite side) is, according to most animal studies, via the callosum. [5] [6] [7] [8] [9] Further, it appears that adequate interhemispheric transmission for the visual control of the ipsilateral hand and fingers is effected by the splenium.'0 Evidence from clinical studies is scanty because the majority of cases of optic ataxia which underwent anatomical study had bilateral optic ataxia and bilateral parieto-occipital lesions.' Stenvers" stated that for crossed visuomotor reaching, visual information could travel from the occipital to the ipsilateral frontal lobe and then to the contralateral one, crossing the anterior callosum (case 34) or be transferred from one occipital lobe to the opposite, via the posterior callosum, and then, ipsilaterally, to the frontal lobe. Indeed, crossed visuomotor ataxia in Boller S12 case is explained by lesions severing both pathways. In the present clinico-pathological study we propose that the pathway that serves crossed visuomotor control travels through the dorsal part of the posterior callosum.
Case report
A 73-year-old right-handed woman had speech and visual disturbances and slight right-sided weakness of sudden onset. Blood pressure was 100/70 mmHg, the pulse was irregular with premature beats, and a systolic blowing murmur was heard in the aortic area. There was a slight 533 right-sided weakness which did not prevent the patient from using objects or making independent movements of the fingers. Tendon reflexes were brisker on that side. No pain, touch or postural sensory defects were detected. When assessed with a standardised aphasia battery,"3 her spotaneous speech was non-fluent, with a few literal paraphasias and occasional echolalia, but without articulatory defect. Serial and automatic speech were normal. Visual and tactile (both hands) naming was impaired. Visual object identification by name was normal and she could follow simple and most two-step verbal commands. She could easily repeat words, sentences and three-digit series. Her language disturbance was thus classified as a moderate transcortical motor aphasia. Although she could read aloud some words, matching written words to objects and following written commands was impaired. Spelling was also disturbed and she never showed a letter-by-letter approach when reading single words. She displayed "multiple-loop" agraphia. Drawing was disturbed bilaterally. The left hand was grossly apraxic: on verbal command and imitation, symbolic gestures and manipulation of objects were impaired, while with the right hand both symbolic gestures and actual use of objects were easily performed. She presented a right homonymous hemianopia when tested by confrontation, but her speech disturbance precluded perimetric visual field examination. On the left, the "threat reflex" was normal, but on the right blinking was not always obtained and she did not try to overcome the visual field defect by moving her head. Conjugate During the following month the right hemiparesis cleared although a slight right hypereflexia remained. Speech disturbance improved, but some loss of fluency on spontaneous speech and a naming disturbance were still detected. Visual field, oculomotor and visual guided reaching defects persisted unchanged. On the 38th day of her stay in the hospital the patient's condition deteriorated with the sudden appearance of coma and cardiogenic shock. She died a few hours later.
Pathological study
Necropsy revealed severe generalised atherosclerosis, with thrombosis of both coronary arteries and several foci of myocardial infarction, including a large recent posteroinferior necrosis of the ventricular wall. Atherosclerotic lesions were also extensive in the aortic arch, basal cerebral vessels, vertebral and basilar arteries. Inspection of the brain, after fixation in 10% formalin for 6 weeks, showed a moderate degree of frontal atrophy and a large softened area in the medial left occipital lobe that extended from the occipital pole to the parieto-occipital junction and to the dorsal aspect of the posterior two-fifths of the corpus callosum. The hemispheres were sectioned from the frontal to the occipital pole in serial coronal slices, approximately 1 cm thick. Softening involved both margins of the calcarine fissure, the cuneus, the precuneus, the posterior part of the superior parietal gyrus and the subjacent white matter up to the occipital horn of the lateral ventricle (figs 1 and 2). The convolutions of the external face of the hemisphere and the fusiform gyrus were spared. The lingual gyrus was involved only in its posterior tip.
Myelin and haematoxylin-eosin stained paraffinembedded histological sections confirmed the macroscopic observations. The softened area showed numerous foamy compound granular corpuscles and peripheral glial and connective proliferation. Two other areas of infarction were found in the left hemisphere: one in Ammon's horn, and another in the frontal lobe white-matter. The latter extended from 3-5 to 7-5 cm behind the frontal pole, was rounded (8 mm diameter) and was located between the superior occipito-frontal fasciculus medially, and the superior longitudinal fasciculus, laterally. This lesion also severed tapetum fibres joining premotor areas and in part, pyramidal fibres on their way to the internal capsule. Necrosis of the corpus callosum was restricted to the dorsal splenium and to a thin band in the posterior third of the dorsal aspect of the body (fig 3) . Some cortical laminar necrosis, bilateral scattered, were found. This was probably related to the terminal events. No other lesions were found in the right hemisphere.
Discussion
This patient presented an unusual clinical picture consisting of a combination of disconnection syndromes: transcortical motor aphasia, left limb apraxia and optic ataxia, which can be understood on the basis of the necropsy findings.
The subcortical left frontal lesion sparing Broca's area and the superior longitudinal fasciculus, prevented communication between the "frontal ideational field"'5 and Broca's area, and was responsible for the transcortical motor aphasia. The same frontal lesion was also located between the left premotor area and the anterior half of the corpus callosum, where commissural fibres joining homotopic parts of premotor areas are known to travel,'6 preventing motor programmes generated in left frontal areas from reaching the same areas of the opposite hemisphere, thus producing a left arm apraxia. '7 The patient had a bi-manual visuomotor incoordination in her right hemispace and a crossed, that is, right hand, visuomotor ataxia in her left halfspace. Although visual field defects due to geniculo-striate lesions do not prevent localisation in the extrapersonal space,'8 there is general agreement that it is a necessary condition for the diagnosis of optic ataxia that the visual field where the ataxia occurs be intact.'9 Thus, visuomotor incoordination in the right hemispace can be secondary to right hemianopia. These signs were due to the large left occipito-posterior parietal infarct. Indeed, this area is crucial for the exploration of extrapersonal space20-22 and lesions of the occipito-parietal junction and posterior parietal lobe have been associated with visuomotor ataxia in the contralateral hemispace. ' Left crossed optic ataxia, that is, right hand ataxia in the left hemispace is the most interesting finding in this patient. As the left hand visuomotor coordination in this half space was normal, defects in visual perception, visual attention and oculomotor impairment can be excluded as the cause of left crossed optic ataxia. The mild weakness of the right hand cannot explain it, because this hand could make independent movements of the fingers, use objects, perform symbolic gestures and be directed towards body parts. There were no defects of postural sense, and a general disturbance of extrapersonal spatial localisation cannot explain why the left optic ataxia was restricted to the right hand. In this patient the necrosis of the corpus callosum was limited to the superior part of its posterior twofifths. The dorsal radiations of the splenium were severely disrupted by the left subcortical parietal lesion, while the ventral radiations were intact. This lesion prevented visual information concerning localisation in the left hemifield from crossing the callosum and reaching left parietal areas where it would be integrated with somatosensory informa- eral disturbance of manual reaching with the controlateral hand and a crossed one for the ipsilateral hand. Such a lesion disrupts integration of visual information from both half-fields with somaesthetic data concerning the controlateral hand and can prevent interhemispheric transmission of visual information from the ipsilateral visual cortex (fig 4-9) .
Evidence from two sources seems to contradict the proposed role of the posterior callosum in crossed visuomotor coordination. Thus, visuomotor ataxia has not been described in cases of alexia without agraphia (see Benson It is also possible that the absence of optic ataxia in these cases may be due to the activity of ancillary pathways. Two main alternative routes are possible:
(1) interhemispheric transfer of visual information through the anterior callosum, (2) control of the hand by the ipsilateral parietal lobe. Hypothesis (1) does not explain why the complete surgical section of the callosum does not cause a full-blown picture of optic ataxia or why our patient or Stenvers' case 49, whose callosal lesions were restricted to its posterior part presented a crossed optic ataxia. These facts are explained by hypothesis (2) . Indeed, only the combination of a posterior callosal lesion with a parieto-occipital lesion would impair interhemispheric transfer of visuo-spatial information and preclude the damaged posterior parietal lobe from steering the ipsilateral hand, thus causing a clinical impressive and stable crossed optic ataxia. Animal experiments are in accordance with this view: in the monkey the effect of callosal section is also transitory and the visual and motor systems of one side can regain control of the ipsilateral limb9 by way of descending connexions, namely the ventro-medial brain stem system."' Also neurophysiological studies202' have found most cells in the posterior parietal lobe to fire in relation to ipsilateral hand movements. Furthermore it has been suggested that in man abductive movements would depend on a controlateral command, while abductive movements, such as those needed for crossed reaching, would have a bihemispheric control. 52 The fact that in our patient the callosal lesion was confined to the dorsal aspect of the posterior callosum and to its dorsal forceps agrees with the finding of restricted ventral lesions of the splenium in some cases of alexia without agraphia. [46] [47] [48] probable that fibres in the corpus callosum are not only distributed topographically in an anterioFerro, Bravo-Marques, Castro-Caldas, Antunes posterior arrangement53 but also following a ventro-dorsal lamination. In the posterior callosum one would find from the bottom to the top, fibres conveying information about letters, colours and visuo-spatial localisation.
